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ABSTRACT 



The invention relates to a method for detecting an electro - 
conductive element in a document, a signal with a modu- 
lated carrier frequency being coupled to at least one trans- 
mitting electrode. This signal is transmitted via the 
elecroconductive element to at least one receiving electrode, 
the received modulated signal being evaluated for detecting 
the electroconductive element. The electroconductive ele- 
ment in the document constitutes a capacitive coupling 
element between the transmitting and receiving electrodes. 

14 Claims, 1 Drawing Sheet 
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METHOD FOR DETECTING AN 
ELECTROCONDUCTIVE ELEMENT IN A 
DOCUMENT 

This invention relates to a method for detecting an 
electroconductive element in a document according to the 
preamble of claim 1. 

A method of the aforementioned kind is known e.g. from 
DE 43 39 417 Al. In the known method, the high-frequency 
signal produced by an oscillator is applied to a transmitting 
electrode. The transmitted signal is transmitted via the 
electroconducive security thread to the receiving electrode 
and evaluated in an evaluating circuit. The security thread is 
recognized as genuine by the evaluating circuit if amplitude 
and phase position of the transmitted signal match the input 
signal on the transmitter. 

A problem in detecting security threads in a document is 
that for example a moist document can cause a signal due to 
the electrolytic conduction although the document has no 
security thread. Reliable differentiation of the signal trans- 
mitted from the transmitting to the receiving electrode due 
to the metallic conduction of the security thread from a 
signal caused by the electrolytic conduction in the document 
is impeded, however, by the high capacitive coupling resis- 
tances present between the transmitting and receiving elec- 
trodes. At a working frequency in the 100 kHz range these 
resistances can be in the order of magnitude of megaohms 
for example, and are thus very much greater than the 
resistance of the metallic security thread, which can be e.g. 
in the kiloohm range. Due to the high capacitive coupling 
resistances, the contribution of the security thread can no 
longer be exactly detected during measurement. This is 
important in order to ensure reliable detection of the security 
thread in the document. 

The invention is thus based on the problem of proposing 
a simple and more reliable method for detecting an electro- 
conductive element in a document. 

this problem is solved according to the invention by the 
features stated in characterizing part of he "independent" 
claims. 

The basic idea of the invention is that for detecting an 
electroconductive element in a document a signal with a 
modulated carrier frequency is coupled to at least one 
transmitting electrode and transmitted by means of the 
electrconductive element to at least one receiving electrode, 
the received modulated signal being evaluated for detecting 
the electroconductive element. The electroconductive ele- 
ment acts as a capacitive coupling element between the 
transmitting and receiving electrodes. 

The capacitively transmitted modulated carrier fre- 
quency signal is preferably mixed onto the modulation 
frequency on the receiver side. The signal with the modu- 
lation frequency can then be evaluated as to amplitude for 
detecting the electroconductive element. The signal can be 
filtered and amplified prior to evaluation. By reason of 
component availability and costs, a value of e.g. 455 kHz as 
is usual in radio technology is preferably selected as the 
modulation frequency. For modulating the carrier frequency 
signal one can use amplitude modulation, whereby the 
carrier frequency can be in the MHz range and the modu- 
lation frequency in the kHz range. 

By using a very high carrier frequency in comparison to 
the modulation frequency one can reduce the capacitive 
coupling resistances between the transmitting and receiving 
electrodes considerably, e.g. by a factor of 10 3 , which 
permits more exact detection of the electroconcuctive ele- 
ments. Due to the low capacitive coupling resistances, which 
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are e.g. in the kiloohm range, the inventive method is 
insensitive to moisture in the documents. 

Since the modulated carrier frequency is mixed with the 
same carrier frequency, only a UHF oscillator is required for 
5 the transmitting and receiving electrodes. One can use e.g. 
a simple LC oscillator. This permits the method to be carried 
out with low technical effort. 

In a development, a plurality of transmitting and receiv- 
ing electrodes can also be provided for detecting the elec- 
troconductive element in the document. The traasmitting 
and receiving electrodes of an electrode pair are disposed 
linearly to each other. Each electrode pair corresponds to a 
measuring track. The electrode pairs are disposed so that the 
measuring tracks do not disturb each other. The use of a 
plurality of measuring tracks has the advantage that the 
15 electroconductive element can be detected reliably even 
with a skew of the documents to be tested. Due to the 
increased number of measuring tracks there is also less 
likelihood of any cracks in security threads being located 
exactly where they impair detect on. This can also reduce the 
20 sensitivity to cracks in the security thread during measure- 
ment. 

Further advantages and developments of the invention 
result from the dependent claims and the following descrip- 
tion of an embodiment of the invention with reference to the 

25 enclosed figures, in which: 

FIG. 1 shows a schematic representation of the arrange- 
ment of the transmitting and receiving electrodes, 

FIG. 2 shows a block diagram of the inventive solution. 
FIG. 1 shows by way of example two electrode pairs 

30 each having transmitting electrode 30 and receiving elec- 
trode 40 for detecting an electroconductive element in a 
document. Document 10 can be for example a bank note in 
which metallic security thread 20 is embedded in the known 
way. Electrodes 30, 40 preferably have a width essentially 

35 matching the width of the security thread. For example the 
electrodes can have a width of 1.5 mm. The transmitting and 
receiving electrodes of an electrode pair can be disposed at 
a distance of e.g. 5 mm. The electrode pairs can extend over 
the total width of the document. The electrode pairs are to be 

^0 disposed such that when the security thread is located in the 
area of the electrodes the measured signals capacitively 
coupled over from the particular transmitting electrode to 
the particular receiving electrode do not disturb each other. 
The number of measuring tracks increased by the arrange- 

45 ment of a plurality of electrode pairs is advantageous in 
particular upon a skew of the documents to be tested. Also, 
with a multitrack electrode arrangement extending over the 
total width of the document one can detect the length of the 
security thread. 

50 However, only one electrode pair consisting of a trans- 
mitting and a receiving electrode can of course also be 
sufficient for detecting the electroconductive element in the 
document, in particular when no detection of the total length 
of the security thread is desired. The transmitting and 

55 receiving electrodes should then preferably be disposed in 
center to the document moved past the electrodes, so that the 
security thread can cause the signal to be coupled over from 
the transmitting to the receiving electrode even with a skew 
of the document. 

60 According to the invention, a modulated signal is 
coupled to the transmitting electrode and the capacitive 
transmission of the modulated signal to the transmitting 
electrode measured. Transmission of the modulated signal 
only takes place if the electroconductive element is located 

65 in the area of the transmitting and receiving electrodes. 

FIG. 2 shows oscillator 50 for producing a carrier fre- 
quency signal, e.g. of about 220 MHz, and modulation 
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oscillator 60 whose frequency is fixed e.g. at 455 kHz The 
signal from the carrier frequency oscillator is supplied via 
phase shifter 90, which e.g. eliminates an undesirable phase 
shift obtained due to stray capacitances, to mixer 70 and 
multiplied by the modulation frequency there. The modula- S 
tion used is a 200% amplitude modulation. The modulated 
carrier frequency signal obtained by mixer 70 is supplied to 
transmitting electrode 30 and transmitted to receiving elec- 
trode 40 by means of the electroconductive element not 
shown here. The signal obtained at receiving electrode 40 is 10 
supplied to further mixer 80 and mixed with the same carrier 
frequency there, thereby recovering the modulation fre- 
quency of 455 kHz. The modulated carrier frequency signal 
can be mixed e.g. by proper-phase multiplication of the 
modulated carrier frequency signal by the same carrier 15 
frequencyi.The signal with the modulation frequency can be 
supplied to narrow-band filter 110 via preamplifier 100. The 
filter serves to suppress noise and permits a narrow-band 
gain of the measured signal in amplifier 120. The output 
signal from amplifier 120, which is proportional to the 20 
logarithm of the signal amplitude and has a band width of 
e.g. 3 kHz, is then supplied to device 130 which evaluates 
the amplified measured signal e.g. as to amplitude. In order 
to obtain the best possible signal yield one can conpensate 
away the signal fraction which couples over from the 25 
transmitting electrode to the receiving electrode without an 
electroconductive element. This can be done for example by 
feedback 140 of the complementary output of mixer 70 to 
receiving electrode 40. 

What is claimed is: 30 

1. A method for detecting an electroconductive element in 
a document, comprising the steps of: 

generating a modulated carrier frequency signal by mul- 
tiplying a carrier frequency signal by a modulation 
frequency signal; 35 

coupling the modulated carrier frequency signal to at least 

one transmitting electrode; 
capacitively transmitting the coupled modulated signal to 

at least one receiving electrode via the electroconduc- 4Q 

tive element in the document; and 
evaluating the received modulated signal for detecting the 

electroconductive element in the document. 

2. The method according to claim 1 further comprising the 
step of: 45 

mixing the capacitively transmitted modulated signal with 
the same carrier frequency signal. 

3. The method according to claim 2, further comprising 
the step of: 

amplifying and filtering the mixed modulated signal 50 
before it is evaluated; 

wherein the step of evaluating includes evaluating the 
mixed modulated signal as to amplitude. 

4. The method according to claim 1, wherein the modu- 
lated carrier frequency signal is modulated by an amplitude 55 
modulation. 



5. The method according to claim 4, wherein the ampli- 
tude modulation is 200%. 

6. The method according to claim 5, wherein the carrier 
frequency signal is in the MHz range and the modulation 
frequency signal is in the kHz range. 

7. The method according to claim 6 wherein the carrier 
frequency signal is about 220 MHz and the modulation 
frequency signal is about 455 kHz. 

8. The method according to claim 4, wherein the carrier 
frequency signal is in the MHz range and the modulation 
frequency signal is in the kHz range. 

9. The method according to claim 8, wherein the carrier 
frequency signal is about 220 MHz and the modulation 
frequency signal is about 455 kHz. 

10. An apparatus for detecting an electroconductive ele- 
ment in a document, comprising: 

a first oscillator (50) arranged to produce a high- 
frequency signal; 

at least one transmitting electrode (30) arranged to capaci- 
tively transmit a signal coupled thereto; 

at least one receiving electrode (40) disposed linearly with 
respect to the at least one transmitting electrode (30); 

a second oscillator (60) arranged to produce a modulated 
signal; 

a mixer (70) arranged to receive the high-frequency signal 
from the first oscillator (50) and the modulated signal 
from the second oscillator (60) and arranged to output 
a modulated carrier frequency signal which is coupled 
to the at least one transmitting electrode (30). 

11. The apparatus of claim 10, wherein a plurality of 
transmitting and receiving electrodes (30, 40) are provided. 

12. The apparatus according to claim 10, further com- 
prising: 

a phase shifter (90) arranged to supply the high-frequency 
signal from the first oscillator (50) to the mixer (70). 

13. The apparatus according to claim 12, further com- 
prising: 

a second mixer (80) arranged to mix the modulated carrier 
frequency signal, once it has been transmitted to the 
receiving electrode (40), with the same high-frequency 
signal. 

14. The apparatus according to claim 13, further com- 
prising: 

a pre-amplifier (100) arranged to amplify the mixed signal 

from the second mixer (80); 
a narrow-band filter (110) arranged to filter the amplified 

signal; 

an amplifier (120) arranged to amplify the filtered signal 

and to produce an output signal; and 
a device (130) arranged to evaluate the output signal from 

the amplifier (120). 
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